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worm is connected with a large funnel suspended above. An in&- 
rubber tube is adjusted to d, and led into a suitable receptacle. Into 
the funnel is now poured a qiiantity of weak s irit, just strong 
enough not to freeze at 0' F. (one part methylat e i  alcohol and two 
parts water is sufficient). This of courw runs throuvh the worm, 

it fills the chamber c, running in as wo saw at tho lower tube e, 
and out at the upper tube d into the vessel placed for its recep- 
tion. Bs soon as most of the spirit has come through, the india- 
rubber tube conveying it away ls com read, and the contents of 
the vessel are returned to the funnel ($us time at a very low tem- 
perature). After this has been repeated a few times (in a b u t  fifteen 
minutea) the sections may be cut with a razor with perfect facility. 

The instrument is provided with two l e g  k, which with the 
handle form a tripod upon which it stands very conveniently. The 
up r plate a, is rolonged into a beak I ,  which is rested upon e 

mains completely mder the control of the operator. The vulcanite 
handle, from its non-conducting propertiea, prevents the heat of the 
hand intluencing the result or the cold of the instrument affecting the 
hand. The spirit, of course, does over and over again, and is there- 
fore no apprecbble expense. Two steel guide-rods are introduced 
into the cylinder to prevent the piston rotating. In practice I find 
that if the screw is kept well oiled, there is no necessity for the 
introduction of spirit around tho piston-rod, as recommended by 
Dr. Rutherford. 

The advantages claimed for the instrument are, that it enables 
us to make h e  sections of the softeat tissuea at once, and while 
they are in the freah state. It is very handy, and when the sub& 
diary apparatus is once arranged, can be employed at any time with 
little trouble. It a n  be used as an ordinary section-cutter, and 
indeed for this purpose seems peculiarly adapted, as the arrange- 
ments before referred to enable it to be retained under the control 
of the left hand, an advantage not possessed by any other form of 
section machine with which I am acquainted. The microtome can 
be procured Gom Mr. Hilliard, Redield Street, Glaagow.-The 
Lancet, June 19,1875. 

and is thereby reduced to a low temperature (say 10 3 F.). Then 

tab Y e or block, w hg * e the instrument, being grasped by the handle, re- 

IX-Oa the Origill of Lye. BYLIONEL S. BEALE, M.B., F.R.S.* 
THE far-fetched conjectures seriously advanced by some physical 
speculators concerning the origin of life serve to show what extreme 
difficulty has been experienced by those who have attempted to con- 
struct a plausible hypothesis by which the conversion of the non- 

* Portion of a led'ure delivered before the Royal College of Physiaiana. 



82 On the Origin of Life. By Lionel S. Be&. 

living into the living might be reasonably accounted for. One great 
authority, dissatisfied with every suggestion, and being evidently 
convinced that no ph sical esplanation of the origin of life upon 
our gIobe would ever & discovered, despairingly submits to us the 
proposition that life did not begm here at all, and that our earth 
was 6rst peo led by the offepring of germs brought to us upon a 

Whether even the simplest living form would have survived after 
such a ride through space unfortunately had not been determined 
by experiment, so the idea of our fauna and flora being derived from 
those of another world found little favour, and probably all who 
have considered the sub’ect would now agree that it is probable 

great diflerenco of opinion concerning tho praciso modo of their 
origin. 

“ Evolution” is now supposd to solve the difficulty of life form- 
ation ; but this term has had at least two meanings =signed to it. 
By some it has been restricted to the living world, while others have 
given to the term “ evolution ” a much wider signillcation, and have 
maintained that it should include not only the evolution of living 
forms from preexisting living forms, but the formation of the living 
out of the non-living. There is, it is scarcely necessary to point 
out, the widest possible difference between these two doctrines ; for 
while the one teaches that all living forms came direct from living 
matter without accounting for the origin of life at all, the other is 
a tenet of the fiery-cloud philosoph which teaches as a cardinal 

changes in which the evolution of the cosmos is corn rised. But 
surely such an idea may, for the present, be regardtxfas a conjec- 
ture 80 extravngant as to be unworthy of serious consideration. 
Facts are wanting, and the arguments advanced in favour of the 
hypothesis are such as cannot have much weight, since it has been 
deemed necessary to bring forward, in their support, utterances of 
a prophetic character. 

If, then, evolution is restricted to the living world, the origin 
of the h t  living thing will be still unaccounted for. The presence 
of a very simple living form seems to have been aseumed; but 
whether that being came of itself from the non-living, or arose in 
consequence of some prior changes, or was formed by an act of 
creative interference, is not suggested by the terme of the articular 

in doubt whether one or two or many forms of living matter came 
into existence at the first formation of life. 

Now with reference to the origin of the first living matter, 
several not improbble suggestions present themselves to the mind, 

fragment bro P en off from some distant orb that teemed with life. 

that life-forms originate d upon our glob, thoiigh there might be 

point that the evolution of life is i ut one of the great series of 

form of the hy thesis under consideration. Neither is t E e precise 
nature of the G t living substanm indicated, and we are even left 
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in all of which, however, it is assumed that the change from the 
non-living to the living was sudden and abrupt, and not gradual. 

First, we may conceive that one form of living matter waa pro- 
duced direct from the non-living, and thnt from this all future living 
waa evolved. 

Secondly, we may prefer to imagino tlirit more than one form of 
life orignated from the non-living at or about tho -me time. 

Thirdly, we might think it more in accordance with h t a  to 
conceive that several different kinds of bioplasm originated in the 
beginning of an epoch of life, from which all life of that epoch was 
derived. New forms originating anew in the next epoch, the results 
of evolution from the first gradually dying out aa those of the 
second epoch increased and became dominant. As life-epoch mc- 
ceedd epoch, new forms of bioplasm may have appeared a~ old 
forma of life died out. 

But the above by no means exhaust the list of what I wodd 
term the reasonable hypotheses concerning the origin of life that 
may at once be suggested. All of them involve in some form or 
other the admimion of a remarkable change in capacity or power 
not to be accounted for by physics. In  all, the communication to 
matter of powers or forces which it did not always po88ew, and 
which it is conceivable might never have been communimted at all, 
is suggested. 

Whether this communication of new powers occurred once o d y  
or waa repeated at many successive periods in the remote past,- 
whether it be reasonable to consider a recurrence of the process in the 
future as probable or improbable, I shall not now venture to discuss. 

icularly wish we should keep before our minds is 

A m  aya hz that What facta an I r arguments render it much more robable that the 
pasage from the non-living to the living is 
than that there is a graduul trum’tim or scarcely prceptzbb gr 
tion from om state to the other. I should, however, clearly state 
that this inference is in op sitiorl to the views of many authorities, 
and in particular is opi:osc g. to the clearly expressed opinion of one 
of the greatest discoverers and most acute thinkers of our time, who 
maintains that the conversion of physical into vital modes of form 
is continually taking place. It is suggested that the change from 
non-livin matter to Lving matter is a transition easily effected and 
continual P y occurring. Of the facts in support of so etarthg a 
proposition I confess I am ignorant, nor have I succeeded in my 
efforts to discover any facts in the writings of those who a pear to 
have accepted the conclusion in question, which has never F ailed to 
enlist advocates in its support from the time when it was believed 
that highly complex living forms were produced from earth or dew, 
to the present day, when the advocates of the doctrine are so 
terribly restricted in the disoovery of parentless living prticles. 
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We have now reached the point where we are brought face to 
facs with the modern developments of the old doctrine of spontaneous 
generation. 

I cannot but remark that the more minutely investigation is 
carried out-the more thoroughly and intent1 facts bearing upon 

does it a pear that any living form should be derived direct from 

upon this subject, I cannot but feel surprised that at this time many 
good reasoners should decide in favour of the de luwo origin even of 
bacteria. Whether we consider the matter from the experimental 
side only, or study the evidenco obtained in a general survey of 
nature, or carefiilly reflect upon the facts lcarnt from investigations 
concerning the properties of living and non-living matter, with the 
aid of the most perfect instruments of minute research now at com- 
mand, or from other standpoints, the conclusion seems to me 
irresistible that the verdict of a jury of well-educated men would 
be against the direct origin of any form of living from any form of 
non-living. 

Driven from one p i t i o n  to another, the advocates of spon- 
taneous generation have entrenched themselves in the unassailable 
stronghold of experimental investigation. Here they may hold their 
own for any length of time, for no one can say what may not be 
demonstrated by new experiments in the time to come. Nay, 
although the conflicting results of different skilled experimenters, 
whose ex riments have been condiickxl 11pn the same principles and 

the confidence of some in the expcrimentnl method of inquiry, it is 
certain that the teachings of experiment will finally prevail over all 
other information. 

But the modern advocate of abiogenesis should be skilled not 
only in explaining fmta, but in explaining facts away. The fact 
that bactena germs exist in all pa& of the higher organisms, in 
the most internal parta aa well as upon the surface of man's body, 
is to be accounted for by their spontaneous origin! Although 
millions are to be found about the mouth and upon the surface, and 
it can be shown that it is easy enough for them to get from the 
outside amongst the tissues within, we are mked to believe that 
those inside originated there direct from the non-living, or, as an 
alternative proposition, that they were derived not from parental 
bacteria, but by transmutation from some of the constituents of the 
tissues, on the principle that a living fungus coma not from a 
fungus germ, but from a dying tree. The next suggestion wi l l  be 
that man, d%er all, is but an aggregation of lower forms, peculiarly 
conditioned for a time, but which assume their ordinary forms when 
their environment shall be modified, as it must be at death. 

the matter are examined-the more improba E le, in my judgment, 

the non- E 'ving. Notwithstanding all that has been recently written 

professed r y in the same way, even to tlic minuteat details, may shake 
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Erroneous conclusions of many kinds have been employed ES 
facts in support of abiogenesis. When one finds that it is believed 
that fun@ may be developed from oil-globules and other living 
organisms of a much higher type, produced without parents out of 
organic matter, o m  fails to we any limit to the support that may 
be gained to the cause. Volumes of facts and arguments hitherto 
advanced in favour of abiogenesis ma be republished without in 

now required is welldevised ex riment, and that is all. No reaus- 

is performed, wil l  in the slightest degree increase the cogency of 
experimental proof, and in the absence of new experiment such facts 
and arguments wi l l  avail nothing. 

I think we may be satisfied that before long the advocates of 
spontaneous generation will have to rely upon the production of the 
lowest organisms only. The only view in any wa tenable at this 

under any arrangement of conditions possible to an experimental 
inquirer, be formed anew, and that these alone, at any period of the 
world's history, sprang direct from the non-living. All are of 
extreme minuteness, many of the forms being m very small that 
the could not be identified with a magnifying power of leas than 

probably lowest forms of life known. That multitudes do now spring 
from pre-existing forms is absolutely certain, for the process can be 
seen. Whether some spring direct from the non-living is the 

Those that are supposed to be formed anew are very like g%t have had a progenitor, and from those supposed to have 
been produced anew, forms exactly like those derived from un- 
doubtedly preexisting forms reault. It cannot be pretended that 
new forms of existence are produced anew. No matter how the 
conditions are varied, the living forms supposed to result resemble 
known living forms, and give rise to forms of the same kind. 

But, as I have before remarked, the question of the origin of 
bacteria m be only determined by experiment. A l l  irrelevant 
considerations in favour of abiogenesis ought now to be left in 
abeyance. The assumed de ~ Q V O  origin is contrary to what goes 
on throughout the whole kingdom of nature, and the only exception 
which there is the remotest possibility of establishing is the spon- 
taneous origin of some of thew lower forms of life. While, there- 
fore, it is allowable to permit ourselves to be influenced by general 
evidence against a new and exceptional doctrine, which a few 
observers seem very anxious to establish, we may fairly insist that 
only evidence of the most convincing and demonstrative kind should 
be accepted in its support. h regards the validity and reliability 
of the moat recent experiments for and against the doctrine, I offer 

the slighteat degree modifying the rea I state of the case. What is 

citation of old arguments and 8" oubtful facts, however ably the task 

time is, that such organisms as bacteria are the o J y onea that can, 

eig l t hundred diametem. These are the smallest, simplest, and 
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no opinion. Time must be allowed for 'others to repeat the experi- 
men& ; and, for my own part, I could express no opinion unless I 
had been present and had carefully watched each experiment in 
every stage. As far aa I can jndge, the reports of recent results 
are not more convincing than were t h w  that were adduced years 
ago, many of which have been discarded and proved to have bean 
unreliable from want of care, or from defects in the method of pro- 
d l l r e .  

If the formation of a bacterium germ, direct from non-living 
matter, be possible, three very remarkable series of changes, aa it 
seem to me, will have to be brought about. Whether any means 
will ever be discovered of effecting these changes is surely most 
doubtful. 

First, the atoms of the non-living substances must bo separated 
from their combinations. 

Secondly, the atoms will have to be rearranged to constitute 
groups of which the organic matter is made up. 

Thirdly, the groups of atoms must be made to live. 
What facts known, I would ask, render it likely that air, rarefied 

or condeneed, or pressure of any degree or of any special kind, or 
any de ee of heat, or light, or any conceivable modification of 

the pulling aaunder and joining together of atoms, and for the con- 
ference of new and peculiar powers of growth, of movement, of 
di~sion,  and the formation of new substances? In short, it is not 
easy to conceive, in the imagination, the several steps which result 
in the formation of a living bacterium even Gom organic matter. 
But the first germ mud have sprung direct from matter that never 
had lived nor manifested phenomena in a way like those of life. 
Let us try to imagine a living germ being produced out of non- 
living matter. Atoms of many substances must be conceived aa 
separating from one another, and then recombining. Attractions 
and afhities must, in the first place, be overcome, then the forces 
that effected the change must ceaae to operate; and these must, 
somehow, be exerted again. By what means the separation of 
atoms is effected cannot be suggested, neither can we conceive how 
the atoms axe caused to recombine in a definite way. The supposed 
phenomena would be really more complicated than I have repre- 
aented; for atoms are not related to one another-atom to atom, 
but group to group. How the atoms are grouped, and how the 
groups are related ; how the groups act and react upon one another, 
and new group are formed ; what makes the atoms combine and 
begin a new course which may continue on and on for ever,--cannot 
be conceived. Upon the whole, the production from non-living 
matter of any livlng form, however simple, must be regarded aa 
most improbable. 

physica r or chemical conditions, would at the Rame time account for 

- 


